We report here the identi®cation of four members of T-box family genes, Xltbx2-Xltbx5, in Xenopus. Two of them are probable pseudovariant genes of XTbx5 and ET, a putative Xenopus ortholog of Tbx3. We compared their expression patterns in both embryos and limbs. In embryos, expression of Xltbx2 and Xltbx3 showed novel diversities, such as Xltbx2 in the neural crest cells and Xltbx3 in the ventral spinal cord, together with mutual similarities in the following regions: dorsal retina, proctoderm, lateral line organ, cement gland and cranial ganglia. The patterns in limbs were highly conserved with mouse and chick orthologs, including the limb-type speci®c expression of Xltbx4 and Xltbx5. In addition, RT-PCR analysis showed that they are expressed weakly even in adult limbs as previously reported in the newt. q
Results
Four members of the T-box transcription factors, Tbx2-Tbx5, are considered to have diverged from a common ancestral gene . Several distinct expression patterns within members during organogenesis and limb development in the mouse Gibson-Brown et al., 1996) and chick (Gibson-Brown et al., 1998a , 1998b Ohuchi et al., 1998; Isaac et al., 1998; Logan et al., 1998) imply that they acquired functional diversity during vertebrate evolution. In Xenopus, embryonic expressions of XTbx5 (Horb et al., 1999) and ET (Li et al., 1997) , a putative Xenopus ortholog of Tbx3 (He et al., 1999) , have been reported.
To isolate Xenopus homologs of Tbx2-Tbx5, PCR ampli®cation was performed using degenerate primers corresponding to conserved motifs in the T-box domains of mouse Tbx2-Tbx5. Isolated clones were designated as Xltbx2, Xltbx3, Xltbx4 and Xltbx5 based on an alignment with the respective mouse and chick sequences (Fig. 1A) . A phylogenetic tree of T-box domain sequences also supported the assignment of each Xenopus gene (Fig. 1B) . Full-length cDNAs of Xltbx2 and Xltbx3 were also isolated from a neurula stage cDNA library. Xltbx3 shares 91.7% overall amino acid identity with ET, suggesting that Xltbx3 is a pseudovariant gene of ET in the pseudotetraploid genome of Xenopus laevis. Xltbx5 is also considered to be a pseudovariant of XTbx5 judging from the identity within the T-box domain (Fig. 1A) .
Temporal expression of Xltbx2-Xltbx5 was assessed by RT-PCR. In embryos, Xltbx2 and Xltbx3 are expressed earlier than Xltbx4 and Xltbx5. Xltbx4 expression is detected only weakly at later stages ( Fig. 2A) . In limbs, Xltbx4 and Xltbx5 are speci®cally expressed in hind-or forelimbs (Fig.  2B) , respectively, as in other species. Whereas their expression levels decrease considerably in metamorphosed limbs, weak expression is detected even in adult limbs while maintaining the limb-type speci®city of Xltbx5 to forelimbs (Fig.  2B ) and of Xltbx4 to hindlimbs (data not shown). A similar continual expression of T-box genes in adult limbs was previously reported in newts (Simon et al., 1997; Sone et al., 1999) .
Spatiotemporal expression patterns were examined by whole mount in situ hybridization. Signi®cant signals of Xltbx4 could not be detected in embryos, probably due to low expression levels during early embryogenesis. At the neural plate stage, Xltbx2 is expressed in the cement gland and otic placode (Fig. 3A) . At tailbud stages, Xltbx2 expression is detected additionally in the optic vesicle, neural crest cells, the cranial ganglia and around the proctodeum (Fig.  3B ). Since Tbx2 has been reported to be involved in the transcriptional repression of melanogenic enzymes (Carreira et al., 1998), we con®rmed the expression in the neural crest cells also in pigmented embryos (Fig. 3C) . In swimming larvae, Xltbx2 is expressed also in the lateral line organ, branchial arches, the frontonasal process and around the heart anlage ( Fig. 3D,E) . The expression of Xltbx2 in the cement gland remains clearly in the ventral region at least until stage 31 (Fig. 3E) , while that of Xltbx3 almost disappears at stage 27 (data not shown). The expression pattern of Xltbx3 is similar to that of ET (Li et al., 1997) . We found, however, that Xltbx3 is expressed additionally in the posterior notochord, ventral regions in the spinal cord and around the proctodeum (Fig. 3G,H) . Compared with Xltbx2, Xltbx3 is expressed earlier in the retina primordia (data not shown) and is localized more dorsally in the optic vesicle (Fig. 3E,F) . In addition, Xltbx3 expression is not detected in the most anterior cranial ganglia (Fig. 3E,F) . Expression of Xltbx5 was observed in the dorsal retina and heart anlage (data not shown) similarly to that reported about XTbx5 (Horb et al., 1999) .
The spatiotemporal expression of Xltbx2-Xltbx5 during limb development remarkably resembles the patterns previously reported for their mouse and chick orthologs, except for the absence of a clear expression of either Xltbx2 or Xltbx3 in the apical ectodermal regions. Both Xltbx2 and Xltbx3 are expressed symmetrically at the anterior and posterior sides in limb buds (Fig. 4A,D) . As limb outgrowth proceeds, both transcripts start to disappear from the anterior region (Fig. 4B,E) . At later stages, the proximal expression becomes weaker, and interdigital expression is detected (Fig. 4C,F) . Initial hindlimb expression of Xltbx4 is Nieukoop and Faber (1967) . Nucleotide sequences in Xltbx3 used for the design of primers are similar to the corresponding sequences in ET (18 bases identical out of 21 for Uprimer and 20 bases identical out of 21 for D-primer). The predicted size of products for Xltbx3 and ET is 189 and 201 bp, respectively. Faint upper bands in the line of Xltbx3 could result from inef®cient ampli®cation of ET cDNA. Nucleotide sequences used for the design of Xltbx5 primers are identical between Xltbx5 and XTbx5. Thus the PCR products in the line of Xltbx5 should be derived from both mRNAs. The number of PCR cycles were found to be in the linear range of ampli®cation for each primer pair from the radioactivity levels in the products in different cycles.
detected throughout the mesenchyme except at the very proximal and distal extremes (Fig. 4G) . At later stages, Xltbx4 transcripts are detected mainly in mesenchyme surrounding the digital primordia (Fig. 4H ) and subsequently in the interdigital regions (Fig. 4I) . In forelimbs, Xltbx4 expression is not observed at any stage examined (Fig. 4J) . In contrast, Xltbx5 expression is detected throughout the mesenchyme in forelimbs (Fig. 4K) , while in hindlimbs no signal is observed at any stage examined (Fig. 4L ).
Methods
Degenerate PCR, screening of the cDNA library and RT-PCR were performed as described (Sone et al., 1999) . The primers used in RT-PCR were Xltbx2: U-CCAAACCC-GTTGCTTTTCAC/D-ACCGCTATAAAATCTGTCTCT (25 cycles), Xltbx3: U-GTCCAAAGTAGTGAACTTC-CAT/D-ACTGCAATGAATTCTGTCTCA (25 cycles), Xltbx4: U-AACAAATGGATGGTGGCTGG/D-AGAC-G-CGCTACACGGAGGTC (25 cycles), and Xltbx5: U-AA-CAAATGGTCAGTCACAGG/D-TGGACATCCGGTGT-AGCTC (25 cycles). Other primer sequences were the same as those described previously (Yamada et al., 1999) . Wholemount in situ hybridization of embryos was performed as described (Harland, 1991) , but modi®ed to include the use of BM purple substrate (Boehringer), and that of limbs as described (Sone et al., 1999) .
Note added in proof
An allele to Xltbx2 has been isolated and reported by Hayata et al. (Dev. Gene Evol. 209, 625±628, 1999) . 
